A new concept to assist in the extraction of ion beams from an electron cyclotron resonance ion source ͑ECRIS͒ by the injection of an electron beam from the extraction side into the ion-source plasma is proposed. In this article, the construction of a test setup is described and first results of experiments with this setup at the 14 GHz ECRIS of the Frankfurt ECRIS-͑ve͒RFQ facility are reported.
I. INTRODUCTION
It is generally accepted that the plasma potential of an electron cyclotron resonance ion source ͑ECRIS͒ captures the highest charge states in the middle of the plasma region and thus suppresses their extraction in continuous mode, a feature assumed responsible for the ''afterglow effect.'' 1 One possible way to overcome this limitation is the injection of an electron beam from the extraction side into the source plasma to provide an ''exit channel'' for the highly charged ions. Here the intensity of the electron beam can be used to control this manipulation. In addition the e Ϫ -beam will also have an influence on the beam formation itself. Two main effects can be expected to work together to improve emittance and intensity of the extracted ion beams. First, the positive ions will experience an attractive potential towards the axis, which effectively will confine the beam closer to the axis. Hence the problematic influence of fringing fields of the magnetic trap inside the extraction region, which usually limits the emittance of an ECRIS, may strongly be reduced. Second, an electron beam will lead to a compensation of the space charge of the ion beam at the extraction hole which is the general limit for the extraction of the highest beam currents from the source. 2 Injection of an e Ϫ -beam therefore will allow one to overcome this limitation and to enhance the overall current extracted from the source. 3, 4 Injection from the extraction side has the advantage of leaving the constructive details of the ECRIS itself more or less unchanged. On the other hand, it means to extract the ion beam through a hole in the cathode of the electron gun and to generate energetic electrons that either they have to be dumped on a collector at the position of the disk of the ECRIS or have to be reflected at the disk/collector. The e Ϫ -beam energy depends on the position of the e Ϫ -gun in the extraction area and on the source potential. In the tests described here the e Ϫ -gun was on ground potential and the extraction voltage was 10-15 kV leading to an electron energy of 10-15 keV at the source extraction hole.
This energetic e Ϫ -beam can advantageously be used to evaporate solid materials by heating a sample positioned at the disk/collector or to precharge injected neutrals so they are better captured in the plasma. Finally it may be used to enhance the plasma density ͑e.g., by generating an oscillating beam inside the plasma chamber by reflecting the beam at the disk/collector͒. It is worth noting that this way of enhancing the plasma density is quite different from the use of a low voltage electron gun on the terminal side of the source to enhance the plasma density by injection of cold electrons. 5 A dense reflected electron beam not only enhances the plasma density close to the source axis but it will also provide enrichment of the plasma with electrons with energies appropriate for ionizing strongly bound electrons and therefore better represents a combination of an ECRIS with an electron beam ion source ͑EBIS͒. It has to be proven, however, that this beam will not lead to the complete destruction of the potential well that is responsible and necessary for the breeding of high charge states inside the source.
II. EXPERIMENTAL SETUP
For the tests at the Frankfurt ECRIS 6-8 a well proven electron-gun geometry was chosen. 9 It consists of a highcurrent cathode ͑tungsten impregnated͒ positioned inside an iron cylinder to reduce the influence of the magnetic fringing fields of the solenoidal trap of the ECRIS to allow partially immersed flow focusing of the e Ϫ beam. 10 A delineation of the electron-gun assembly at the extraction area of the EC-RIS is given in Fig. 1. An IGUN 11 simulation of the beam formation setup is shown in Fig. 2 Table I . Its present range of operation in the ECRIS is limited; however, by the maximum current of the high voltage ͑HV͒ power supply and the power that can be dumped onto the ECRIS's disk. Typical e Ϫ currents during the first period of the experiments presented here were in the range of I e Ϫр 30 mA. Another drawback of the present assembly is a limit of 15 kV on the source voltage. Since all earlier tests with the conventional ECRIS setup have been performed at source voltages around 30 kV, a comparison of the new results to the best results with the conventional setup is difficult.
III. RESULTS
A first test series of measurements was carried out with the cathode's original inner diameter of only 1 mm. Here, of course, the ion beam from the ECRIS is cut down tremendously compared to normal operation with a 14 mm hole in the extraction electrode. Therefore the ion beam currents measured during this first series of experiments are strongly reduced compared to charge state spectra already published. 8 As a result of this first series of experiments, three argon charge-state distributions measured in a Faraday cup placed after the analyzing magnet 8 are shown in Fig. 3 . The beam transport has been optimized to the Ar 8ϩ charge state. The spectra are representative of a series of spectra taken with two different e Ϫ -beam intensities (15/28 mA) and without the e Ϫ -beam ͑later denoted as ''normal'' mode͒. Despite the expected poor overall intensities, one promising result is the unproportionally strong enhancement of the intensity of high charge states compared to lower ones when the electron beam is introduced into the plasma chamber.
This increase also depends on the intensity of the electron beam as can readily be seen from Fig. 3 and has been proven in a series of experiments with the above setup. As the total intensity of the charge state spectra is far below what is measured during normal operation of the ECRIS, 3 no preference can be given as to which of the influences discussed above causes this enhancement.
In order to verify and to further pursue this result we have redesigned parts of the setup. The bore in the cathode was opened to a diameter of 3.0 mm and the beam transport behind the e charges has been extracted and transported into the Faraday cup. Also the charge state spectra taken with ''normal mode'' are off the results with the e-gun by only 10%-20%.
No unproportionally high enhancement of higher charge states is observed. This indicates that the influence of the e Ϫ -beam is too weak now to markably influence the extraction of these stronger beams.
As a next step of improvement the disk will be substituted by a water cooled collector to allow the injection of high-power electron beams and it is planned to further enhance e Ϫ -beam intensity by reflecting the beam at the collector and the cathode to form an oscillating beam. In this mode it will also be possible to bring up the source voltage to values better comparable to results of the conventional EC-RIS setup.
